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splendid addition to the elucidation of Australian natural his- 
tory ;  and it is to be hoped that another grant will be made 
by  our liberal Legislature to enable the author to finish his 
great undertaking. 

XXVIII.--Zoologlco-Embryological Investigations. 
By M. Ussow. 

[Continued from p. 113.] 

IV.  Appearance of t~e Organs. 
W e  may now pass to the second period *, that of the pro- 

duction of the organs. Oll the first day of this period (in 
Sejoiola and Lollgo the ninth day from the beginning of the 
process of segmentation)the rhomboidal groove already de- 
scribed gradually becomes deeper~ and covered over by the 
elongate-ovate constantly growing fold~ which is separating 
by  constriction at the ventral side and assmning the form of 
a shield. Towards the end of this period the margins of the 
fold begin to grow together, and the rhomboidal groove 
becomes converted into a fiat tub% somewhat broader in the 
middle (especially in Sepia). 

Tile scutiform hill-like elevation (originating from the co- 
alesced fold) which lies over the tube chiefly on the dorsal 
surface, and which is gradually constricted, is the rudiment 
of tile mantle; whilst the os Sepice will subsequently be 
formed in the above-mentioned tube closed at both ends and 
widest in the middle ( Sepia~ Loligo, Sepiola~ OmmastreThes , 
Rossia). The elevation, separating by constriction at the 
ventral side, grows both upwards and downwards, and ac- 
quires first the form of a cup and then that of a cylinder. 

The wails of the so-called primitive groove t~ which is con- 

In Zoligo, Sepiola, and Arqonauta the second period of development 
lasts five days. In this paper I follow Metsehnikoff's division of the 
development of the Cephalopoda into three consecutive periods :--first, 
the formation of the germ-lamelke; second, the appearance of the 
organs ; third, the gradual further development of the organs. 

t The position of this rhomboidal depression upon the dorsal surface, 
its early appearance (before all the organs), its further mode of develop- 
ment, are all facts which remind us of the primitive groove of the Verte- 
brata : and taking them into consideration, it may likewise be called the 
primitive groove, although as a matter of course there can be no question 
of comparing it more closely with the primitive groove of the Vertebrata, 
as the two rudiments represent fundamentally dii~brent organs. Although 
a groove is also at first formed in the Octopoda (Argonauta), this does 
not become closed (except in the genus CirrhoteutMs ?), but becomes o.ra- 
dually effaced and finally disappears entirely. With regard to Argo- 
~tauta, I must remark that Kglliker has described and figured the groove 
(1. c. p. 163~ Taf. vi. figs. 71-73) as "a rather dcop, funnel-shaped pit." 
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vet ted  into a tube in tile manner  above mentioned,  consist of  
a single layer of cells * of the upper  germ-lamel la  ; whilst in 
the oval fold (rudiment of the mantle) ,  besides the elongated 
cylindrical cells situated at its surface, there are also two layers 
of cells of the middle germ-lamel la .  T h e  first of these layers 
(dermo-museular layer)~ constantly increasing with the deve- 
lopment of the fold, becomcs more than one-layered under its 
margins t ,  and therefore also th icker ;  and this thickening is 
the immediate  cause of tlle eversion of the fold over the blasto- 
derm and its constriction on the ventra l  side. 

Besides the above-ment ioned organs,  the rudiments  of eye- 
ova[s and of the 5~ccag or~'d~ce make  their  appearance at  this 
t ime. T h e  buccal orifie% which can only be recognized with 
some trouble from without~ appears  in longitudinal  sections of 
this s tage as a very  shallow depression of the upper  germ-  
lamella. T h e  rudiments of the eyes~ which lie symmetr ica l ly  
on the sides of the dorsal surface, are developed chiefly from 
the elongated cells of the upper  germ-lamella ,  the single 
series of which forms a longish oval convexi ty  ~: above tile 
blastoderm. 

T h e  Cephalopod embryo,  freed from the nutri t ive vitellus 
in the manner  already described (see p. 100, note t ) ,  in this 
first stage of the production of the organs has the form of a 
convex  disk~ or rather of a hollow hemisphere,  composed of 
more than one layer  and more or less thickened in m a n y  
places. The  earliest and most considerable thickening corre- 
sponds to the scutiform mant le-rudiment ,  pointed on the dorsal 
surface, and curvil inearly bounded on the ventral  side b y  
the above-described rhomboidal  groove, which in transverse 

• The cylindrical cells lining the bottom of the groove are rather tall, 
whilst the layer which covers t, he groove and subsequently grows together 
consists of small fl~t cells. Some agreement in the production of this 
groove and that of the intestino-glandular [epithelial] layer of certain 
animals (e. g. the Arthropoda), and the great resemblance of its cells 
underlying the upper germ-lamella to those of that layer~ at first led me 
astray, and made me think that perhaps in the Oephalopoda also a portion 
of the intestinal tract is formed as in the Crustacea (see the remarkable 
lRassian memoir of Bobrezky, "On the development of Astacus and 
.Pal¢mon "). It  was only a long series of repeated observations that 
convincedme of my ori~nal error. 

t The part of the dermo-muscular layer which is situated between the 
groove and tbe surface of the mantle becomes converted (in the third 
period) into the cutis with its muscular and fibrous layer. 

$ This mode of development of the primitive eye-ovals~ which are 
soon covered by a second fold of the upper lamelta and then gradually 
beo.in to sink, has been quite correctly observed by Metschnikoff in &piola 
(1.~c. pp. 43-49). As regards the other Cephalopods, it is confirmed by 
my investigations ; and consequently Khlliker s (l. e. p. 99) and IIensen's 
(Zeitschr. fiir wiss. ZooL Bd. xv. p. 183) statements prove to be errone~us. 
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sections appears as a shallow but wide depression of the upper 
germ-lamella. At the time of its appearance the rudiment of 
the mantle is situated in the middle of the original germinal 
disk (centrum), with by far the greater part of it on the dorsal 
surfae% whilst the somewhat elevated (constricting) part which 
subsequently grows round the ventral surface occupies only a 
very inconsiderable space upon the latter. 

Above the mantle there are symmetrically on the two sides 
of the dorsal surface the two eye-ovals, and between them, at 
the boundary of the region of the arms, the above-mentioned 
rudiment of the bnceal orifice. The lateral surfaces of the 
embryo represent the future cephalic lobes. 

On the following day, in all the Cephalopoda investigated by 
me, the branch£(e, the f~nnel, the arms, and the anal tubercle 
made their appearance. At  the time when the rudiment of 
the mantle has become rather more constricted off from the 
blastoderm on the ventral surface, the cell-layer of the upper 
germ-lamella becomes somewhat thicker at the sides of the 
emblTo (at first by longitudinal division, by which the cells 
are rendered higher, and then also by transverse division)~ 
and forms two inconsiderable prominenees~ which gradually 
grow and are the rudiments of the two so-called cephalic 
lobes. 

As regards the rudiments of the branchia, whleh are at first 
situated on the ventral side of the embryo not far from the 
margin of the mantle, these are developed from the more than 
one-layered thickening * of the dermo-muscular layer of the 
middle germ-IamelI% which is covered by the cells of the 
upper lamella. 

On the boundary between the anterior cephalic lobe and the 
rudiment of the mantle a semilunar fold makes its appear- 
anee on each side of the embryo, produced by a thickening 
of the dermo-museular layer, and covered, like all the organs 
mentioned, by cells of the upper lamella. This is the rudi- 
ment of the .funnel~ which consists of two halves~ the margins 
of which coalesce very late, indeed only at the commencement 
of the third period t .  

Ahnost simultaneously with the appearance of the branehim 
there is formed between their pyriform rudiments, in the 

* At the end of the second and during the third period the cells in the 
middle of the solid branchial rudiments gradually become loosened, and 
tortuous reticulated ducts are produced in which the branchial arteries 
and veins with their numerous ramifications are formed (see Van Beneden~ 
1. c. p. 9 ; K511iker, l. c. p. 89 ; ~[etsehnikoff, 1. c. p. 61). 

t On the dorsal surface the two halves of the funnel approach each 
other qs early as the fom'th day of the second period. 
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median line ~ of the embryo, a rather inconsiderable promi- 
nence, which, like most of the outgrowths~ proceeds from the 
second germ-lamella (in this case chiefly from the intestino- 
fibrous layer), and is also covered by the upper lamella. This 
prominence forms the first commencement of the anus. About 
the same time, in all the Cephalopoda investigated by me, the 
four (Argonauta) or five pairs of rudimentary arms make their 
appearance very rapidly after one another (at the utmost in 
two days; in some the first three pairs simultaneously 1"). 
This seems to confirm Van Beneden's~ observation, which was 
rejected by KSlliker § and afterwards by Metschnikoffll. The 
rudiments of the arms are developed as hemispherical out- 
growths, composed chiefly of the dermo-muscular layer and 
covered by cells of the blastoderm. They all make their 
appearance on the annular part of the germinal disk situated 
on the equator, which is formed by several (three or four) 
concentric series of large but flat cells, constricted off from 
the segments after the meridional segmentation, and at first 
lying scattered in isolated groups ¶. 

On the third day of the second period the rudiments of the 
auditory organs, the pharynx ,  the salivary glands, the anal 
orifice, and the external fo ld  of  tl~,e eye-ovals are added to 
the organs already enumerated and now undergoing further 
development. 

Between the outer margin of the rudiment of the funnel 
(at the part where its cartilages, although indistinctly, art 
beginning to be formed) and the commencement of the anterior 
cephalic lobe the upper lamella becomes a little depressed on 
both sides of the ventral surface of the embryo, and forms two 
(at first very small) pits, which arc sharply marked in both 
longitudinal and transverse sections, and represent the rudi- 
ments of the auditory organs, only approaching each other at 
the close of the third period. Their trumpet-like peduncles, 
which at the end of the second period are entirely constricted 
off from the upper lamella~ become converted into canals, 
which finally lie upon the auditory vesicle, which is com- 
pletely separated from the outer surface. The walls of the 
latter soon become thicker in many parts e~'. 

* In the longitudinal line which passes through the buceal aperture and 
the middle of ~the mantle, and divides the embryo into two symmetrical 
halves. 

t In .Loligo, Sepiola, and Argona~eta. ~ Zoc. cir. p. 7, fig. 9. 
§Zoc. clt. p. 60. II JLoc. cir. p. 35. 
¶ See description of the process of segmentation. 
"* At the beginning of the third period~ in all the Cephalopoda investi- 

,,a!ed by me, there ~are formed in the cavity of each auditory vesicle 
~0':,2 millim, in diameter in gob'go), on its upper wall~ shining ~anules 
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The plt-like depression of the upper lamella~ which forms 
the buccal orific% gradually penetrates deeper (between the 
two layers of fusiform cells of the intestino-fibrous layer~ 
which lies between the nutritive vitellus and the dermo- 
muscular layer~ which bound it) ; and at the bottom of this 
shallow pouch-like pit there is formed a small prominence 
composed of cells of the middle lamella (dermo-muscular 
layer). This prominence~ which lies to one side at the 
hinder wall of the pit~ and~ like this~ is covered by cells of 
the upper lamella~ represents the hinder part of the pharynx~ 
and becomes subsequently (in the third period) converted into 
the so-called organ of taste~ with its muscular tissue and un- 
cinate radula. Between the hinder wall of the original buccal 
cavity and the above-mentioned prominence the upper cell- 
layer of the latter closes into a thin and short cmcal tube. 
This tube lengthens pretty rapidly and then becomes forked~ 
and thus forms the rudiment of the e~erent duct of the salivary 
9lands~ which are developed (in the third period) at the ends 
"of the two branches of the above-mentioned tube. The original 
funnel-shaped tube (wider above)~ however~ represents in its 
upper part the rudiment of the buccal cavity~ and in its lower 
part that of the vesoThagus or anterior intestine. The other 
parts of the pharynx~ the lower and uTTer jaws~ and the thick 
muscle of the latter are developed in the third period--the 
JbaWS as a chitinous secretion of the epithelial envelope of the 

uccal cavity~ and the muscle as a thickening of the dermo- 
muscular layer which is applied to the anterior wall of the 
original buccal pit. 

The change which takes place on this (third) day in the 
anal prominence consists in the cells of the upper lamella 
forming in its centre an increasing depression~ which is the 
rudiment of the anal aperture. 

Over each of the thickened eye-ovals forming the primitive 
retina appears a fold~ consisting of ceils of the upper lamella, 
which grows rapidly~ and covers the whole of the oval at the 
end of this second period~ although a small aperture remains 
in the centre of the fold. At  the same time small yellow 

(0"04 millim, in diameter), which soon unite together, consisting of a 
calcareous secretion from the cylindrical epithelial cells ; and from these 
the two otoliths (0"048 miUim, in diameter) originate. The canals which 
lie upon the auditory vesicles become bent (in the third period), and their 
internal epithelial walls covered with cilia. In general my observations 
on the development of the auditory organs agree with the results obtained 
by Metschnikoff in gepiola (1. c. pp. ~9-53), bat differ materially from 
those of KSlliker (1. c. p. 168). 

Ann. & Mug. ~V. Hist. Ser. 4. Vol. xv. 15 
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pigment-granules are produced upon the surface of the 
retina 4. 

The two cephalic lobes~ which have now become consider- 
ably thicker~ rise more and more above the nutritive vitellus ; 
whilst the region of the arms~ situated upon the equator~ becomes 
constxficted~ and thus forms a narrower boundary between the 
embryo and the spherical yelk-sac. The embry% when ex- 
amined from either the vcntraI or dorss.l side~ has a lyriform 
shape ; its lower part (mantle) is considerably separate~ by con- 
striction from the ventral surface, the middle patti- tolerably 
broad ; and the region of the arms forms a very noticeable notch 
between the yelk-sac and the true embryo. The nutritive 
vitellus enclosed within the embryo has the form of a hemi- 
sphere with a tuberculiform process which penetrates into the 
mantle on the dorsal surface. 

The fourth day of the second period of development is cha- 
racterized by the appearance of two spherical masses of cells 
of the intestino-fibrous layer of the middle lamella~ which are 
situated on the ventral side of the embry% near the sides of the 
branchise,. . at the apices of. which two prominences arc produced 
at this time. These sohd aggregations of cells form the rudi- 
ment of the auricles of the heart~ which arc afterwards sur- 
rounded by a pericardium. The pericardium consists of a cell- 
layer of the upper lamella~ which penetrates between the 
mantle and the funnel, and completely clothes the aggrega- 
tions:~. The rudiment of the ventricle of the heart lies between 
the rudiments of the auricles~ can only be detected with diffi- 
culty§~ and consists of a solid aggregation of cells belonging 
to the intestino-fibrous laye b which is at first sphe~qcal but 
afterwards cylindrical. By degTees the cells separate from 

With respect to the development of the orgaus of vision, I must add 
that the lens is formed at the beginning of the third period as a fluid, 
gradually hardening secrstion of the corpus eiliare produced from the 
above-mentioned fold. Its form changes pretty rapidly fi'om cylindrical 
to oval, and finally becomes spherical. In longitudinal and transverse 
sections of the embryos of .Argonauta, JLoligo, &c. the lens consists of 
concentric layers of a structureless transparent substance. In the third 
period the retina, consisting of two layers of cylindrical cells, which was 
at first convex~ sinks and becomes semilunm-ly concave ; the dark brown 
pigment~ singulaa.ly enough, persists upon the surface of the retina until 
the close of embryonal life. 

t From this part are gradually fol~ned the head, all the organs enclosed 
within it~ and some organs of ~he trunk. 

:~ The very large pericardial cavity is very distinctly perceptible in 
the first half of the third period. 

§ It is particularly distinct in sections of the first half of the third 
period, in the form of an oval aggregation of cells. The cavity, embraced 
by thin walls, is very slowly fb~med ; so that the development of the 
auricles considerably precedes that of the ventricle. 

D
ow

nl
oa

de
d 

by
 [

] 
at

 1
1:

30
 2

0 
Ju

ne
 2

01
6 



M. Ussow's Zoologico-Embryotog;ccd [~vestigations. 215 

each other in the centre of each aggregation, so that a gradu- 
ally enlarging cavity is then produced, whilst the cells become 
elongated into a spindle-shap% and form rather thick mus- 
cular walls surrounding the cavity. 

I t  is only in the third period~ for example in embryos of 
• ° - -  - -  - -  i SeT*a whmh are only one third or one fourth of the size of the r 

yelk-sac~ that there are~ besides the above-mentioned consi- 
derably developed and already pulsating central organs of 
circulation, two so-called branchial hearts, situated at the 
broad base of the two multitubercular branchiae. The walls 
of the aorta and of all the other subsequently appearing great 
arteries (e. g. of the oTtlc ganglia)~ veins, and their diverti- 
cula (so-called kidneys) are developed from the cells of the 
middle lamclla~ which become elongated and arrange them- 
selves in rows. On the same day~ behind each eye-oval~ a 
spherical aggregation of cells of the middle germ-lamella sepa- 
rates ; and these aggregations represent the rudhnents of the 
optic ganglia. I shall go into more detail with regard to these 
n describing the formation of the nervous system. 

At the end of the fourth day the cephalic lobes approach 
each other considerably, and the embryo rises above the nutri- 
tive vitellus, the walls of whleh~ consisting only of a layer of 
cyiindrical ceils of the upper Iamelia and a layer of the middle 
lamella united to the former by means of thin~ contractile 
~wrOtoplasmic processes~ begin to contract rhythmically~ by 

hich the absorption of the nutritive vitellus is hastened. 
At  the same time, the cells of the middle lamella (the dermo- 

muscular layer) surrounding the auditory vesieles~ which are 
connected with the outer world by means of their peduncles~ 
become converted into the envelopes of the latter. 

On the fifth and last day of the second period the thin (eso- 
phagus becomes deeper and extends nearly to the mantl% 
which at this time also rises somewhat on the back. In  the 
anal pit~ which has become somewhat deeper and acquired the 
appearance of a emeal tub% a change takes place which is im- 
portant~ inasmuch as it divides near the entrance into two 
tubes* : - -an  upper on% the rudiment of the ink-sac~ which has 
at first the form of a thin short tube enlarged at its czeeal ex- 

* This division is affected as follows :--Under the bottom of the anai 
pit, which is covered by two or three layers of the intestine-fibrous layer, 
a small excrescence is formed, which gradually raises the bottom of the 
pit nearly up to the entrance, and in this way, as by a septum, divides 
the pit into two tubes branching off at an acute angle. The bottom of 
the upper tube soon becomes wider ; and at the same time the cells of 
its walls become considerably longer and thicker. In this way is pro- 
duced a sac furnished with a short efferent duct. The walls of the pit 
become higher and form the so-called anal lobes (Sepia, Sepiola). The 

15" 
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tremity; and a lower one, the perfectly straight rudiment, 
closed at the extremity, of the true rectum. The walls of these 
two tubes, as also the oesophagus, consist of a layer of cylin- 
drical cells of the introvertod upper lameila, surrounded by 
one or two layers of fusiform cells of the intestino-fibrous 
layer of the middle lamella. 

The further development of the intestinal canal which takes 
place in the third period, consists in the continued growth and 
increase in depth of its parts above mentioned. The stomach 
is formed at first as a dilatation of the hinder part of the 
oesophagus, which, after it has lengthened parallel to the 
dorsal part of the mantle as far as one half the length of the 
latter~ bends towards the ventral surface almost at a right angle, 
and unites* with the lengthened primitive rectum, which is 
turned up towards the back. 

At the point where the prolongation of the stomach meets 
the rectum a small dilatation is produced; and from this the 
cze~ntm is afterwards formed. At  the close of the first half of 
the third period, in transverse and longitudinal sections of 
the Cephalopoda investigated by m% there are behind the ink- 
sac (which is already considerably developed), and at first 
nearer the ventral surface of the  embryo, two blind, clavat% 
thick-walled tubules, which have been developed from a dila- 
tation of the posterior part of the intestinal canal, and repre- 
sent the rudiment of the li'ver. I t  is only in the postembryo-nie 
period, after the nutritive vitellus is entirely absorbed, that th~ 
two halves of the liver enlarge very rapidly, approach each 
other, and take up their ordinary place in the dorsal part. 

The provenlrlculus, or so-called crop, is also developed in 
the embryo of Aryonauta in the first half of the third period~ 
as a dilatation of the oesophagus situated beneath the cerebral 
ganglion. The walls of all the dilatations above mentioned, 
which originate at different times, are formed from the vari- 
ous main and subordinate parts of the intestinal tract, and con- 
sist of one or two rows of fusiform ceils of the intestino-fibrous 

connexion between the ink-sac and the liver, formerly described by Van 
Beneden (/or. dr. p. 10), has no existence. 

I have not succeeded in observing the moment of direct union ; but 
from the evidence ~f longitudinal seeti~ons of certain stages, and, in faet~ 
of embryos in which the long anterior intestine, enlarged at the extre- 
mity, extends to two thirds the height of the mantle (first half of the 
third period), and the rectum curves up towards the dorsal surface, and 
then of certain sections (from the second half of the third period) in 
which the slightly tortuous tract~s intestlnalls is visible in its whole 
length, I firmly believe that I may assert that this union in reality takes 
place. 
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layer, and of the cylindrical cells of the inward-bent upper 
germ-lamella, which therefbre seems to play the part of the 
intestino-glandulm" layer of the embryos of other animals, 
representing, I believe, the introverted part of the upper 
lamella from which the intestinal cavity is formed in Amphl -  
oxus*, the simple Ascidiat ,  and some Coelenterata~, Brachi- 
opoda§, Vermcs[I, &e. 

At  no single stage of development of the Cephalopod em- 
bryo is the nutritive vitellus in any way directly connected 
with the cavity of the intestinal tract, which is completely 
separated from it, as, indeed, has already been remarked by 
K~lliker¶ and Metschnikoff ~°, in opposition to the erroneous 
statements of older investigatorstt. At  the close of the second 
period the inner nutritive vitellus has the form of a cylinder, 
from which issue three processes. The inferior, sharp process 
is, as previously, imbedded in the mantle; whilst the two 
sickle-shaped lateral processes penetrate into the cephalic lobes 
behind the eyes, beneath the optic ganglia. The nutritive 
vitellus passes out of the yelk-sac into the embryo through a 
cylindrical, gradually narrowing canal formed by the coales- 
cence of the cephalic lobes ; it is situated between the oesopha- 
gus, the ganglion pedale, and the ganglion vlscerale. During 
the whole period of development, the whole mass, both of the 
inner nutritive vitellus and of the outer nutritive vitellus 
(which is eontinuaUy passing into the embryo), is gradually 
absorbed by tile cells of different organs and tissues in contact 
with it. 

This short exposition of the results of my tedious investi- 
gations (upon living embl:yos and sections of them of different 
kinds) of the development of the alimentary apparatus of the 
Cephalopoda contradicts in all points the erroneous opinion of 
Kslliker $~;, that the intestinal tract originates as a solid cord, 
in which cavities are only produced subsequently, and con- 
firms the accurate statements of Metschnikoff ~ as to the pro- 

* Mdm. de l'Acad, de St. Prtersb. tome xi. 131. i. fig. 6, and pl. ii. 
fig. 20. 

/b/d. tome x. pl. i. figs. 10, 16. 
:~ GStting. Nachr. 1868, p. 154 et seqq. Observations on the Develop- 

ment of the Ccelonterata (in Russian), 1873, pls. ii., iii., iv., vi. 
§ Observations on the Development of the Braehiopoda (in Russian), 

1874, pl. i. figs; 8, 10. 
II iYf6m, de 1 _&cad. de St. P6tersb. tome xvi. pls. i., vi. See also the 

abovo-cited memoir of Bobrezky s, pl. i. figs. 1-8. 
¶ Loe. cir. p. 86. 
~** Loc. cit. p. 64, 
"~t "Van Beneden, loc. e/t. p. 8 ; Delle Chiaje, Mere. 2nd edit. tome i. 

p.'40. 
~ Zoc. cir. p. 93. §§ Zoc. cir. pp. 58, 67. 
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duction of the intestinal tract in Sepiola fl'om two opposite 
invaginations of the upper germ-lamella. 

As regards the body-cavity, I think it will be most correct 
to give this name to the rather narrow and inconsiderable 
space which occurs between the peripheral layer of the dermo- 
muscular layer and one or two rows of the intestine-fibrous 
layer forming the muscular envelope of the intestinal tract. 
The whole of this completely closed body-cavity is bounded 
by elongated cells of the dermo-museular layer forming the 

peritoneum or peritoneal sac (in which the alimentary appa- 
ratus~ the central organs of the sanguiferous system, and sub- 
sequently also the generative organs are placed). The inner 
nutritive vitellus is never enclosed by a special bounding layer, 
as KSlliker * thinks ; but it lies fl'ee in the body-cavity, and 
the space occupied by it since the commencement of develop- 
ment represents the segmentation-cavity of the holoplastie 
ova with total segmentation of many other animals. The 
respiratory organs, the two branchi% and the funnel are 
situated in a special open respiratory cavity covered only 
by the ventral part of the mantle, and lined internally with 
simple epithelium forming the continuation of the upper germ- 
lameUa, penetrating here during its separation from the ventral 
surface. 

I have still to notice the period of the appearance of the 
nervous system and its mode of formation in the Cephalopoda. 
After a long series of frequently repeated observations relating 
to this question~ and always furnishing the same results, I 
have been compelled to give up for ever the hope of finding, 
in the development of the nervous system of the Cephalopoda, 
any resemblance to its development in the Vertebrata, Tuni- 
cata, Annulosa, and Mollusca. Whilst even in many species 
belonging to the types of the Arthropoda and Mollusca some 
ganglia, at least (as has been proved -~), are undoubtedly de- 
veloped from the upper germ-lamella, all the ganglia of the 
Cephalopoda originate from more or less compact thickenings 
of the middle germ-lamella (dermo-muscular latter), and con- 
sequently in accordance with the mode of formation of the peri- 
pheral ganglia in the Vertebrata~ which, indeed, has already 
been partially indicated by Metsehnikoff $ with regard to 

¢* Zoc. cir. pp. 61, 87, 167. Metschnikoff has justly rejected this view 
as regards Sepiola. 

l" See the already cited remarkable memoir by Kowalevsky, i~14m, de 
l'Acad, de St. P4tersb. tome xvi. p. 19, pl. v, and p. 247 pl. vii. ; also 
Bobrezky's memoir, pl. iii. ; M. Ganin, Warschauer Universl"t~tsberichte, 
1873~ i. ; and Bericht fiir Anat. und Physiol. 1873, p. 360. 

Loc. cir. pp. 41~ 67. 
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~epiola. After this preliminary remark I will now describe 
in a few words the sequence in which the ganglia make their 
appearance, their original form, and their original position in 
the Cephalopod embryo. 

I have already mentioned the time of appearance of the 
paired o2tic ganglia. The cells of the middle lamella, which 
are at first few, but afterwards rapidly increase in number, 
from which the two oval aggregations (the rudiments of the 
above-mentioned ganglia) separate, are observable from the 
earliest appearance of the eye-ovals. At the close of the 
secondperiod these large rudimentary ganglia placed at the 
sides of the broad quadrangular head of the embryo have the 
form of two irregular hemispheres, the convex surface of 
which ctosely approaches the retina, which is already becoming 
concave, whilst the flat sides are turned towards the rudiments 
of the cerebral and visceral ganglia. The first of these, the 
cerebral ganglion, which appears on the fifth day of the second 
period, likewise originates from two compact aggregations of 
cells of the dermo-muscular layer ; and these are united by a 
broad but short commissure consisting of a few layers of 
similar cells. The rudiment of the originally paired cerebral 
ganglion, which is situated dorsally at the sides of the cmcal 
rudiment of the esophagus, constantly becomes broader and 
thicker with the development of the embryo ; so that towards 
the end of the third period the commissure of the two halves, 
which was originally well defined, disappears, and the ganglion 
forms a rather large compact mass. Two paired compact 
aggregations of ceils of the middle lamella, observable as early 
as the fourth day of the second period, which lie behind the 
rather distant rudiments of the auditory organs, divide gra- 
dually in the first half of the third period, to form the paired 
rudiments of the 2edal and visceral ganglia. The two halves 
of tile former grow rather rapidly ; and in the second half of 
the third ]~eriod, when the cephalic lobes approach each other, 
the united two form a crescentic ganglion, occupying the 
greater part of the anterior cephalic lobe, and lying above the 
auditory organs. Its upper part is on the same level as the 
buceal aperture, and somewhat higher than the opposite 
cerebral ganglion, which it touches with its sides. 

The visceral ganglion, lying just behind this, consisting at 
first of two subsequently coalescent halves, is developed in 
the same manner. All the three above-mentioned originally 
paired ganglia (the cerebral, visceral, and pedal ganglia) 
gradually approach each other, and unite to form an (esophageal 
nerve-mass only towards the close of embryonic life. Their 
union takes place very slowly, keeping pace with the diminu- 
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tion of the nutritive vitellus which lies between them in the 
head and in the so-called neck. In the second half of the 
third period the paired rudiments of the superior and interior 
buccalganglla make their appearance, on each side of the 
pharynx, composed of small sphencal compact aggregations of 
cells of the middle lamella. At the same time and in the 
same manner originate the ganglia stellata, in the position in 
which they are found in adult Cephalopoda--and also the 
large spherical ganglion sTlanchnicum ~ which is situated 
between the stomach and the two halves of the liver. 

The internal structure of all the above-mentioned ganglia 
begins to become differentiated soon after they make their 
appearance. In the central part of the ganglia~ which at first 
consist of rounded homogeneous cells of the middle lamella~ 
appears . . . .  a dark, finely granular mass (" Punktsubstanz. ")~ con- 
slstlng of very fine variously mtercrossed fibrillar threads-- 
fine processes of the original cells of the middle lamella, now 
gradually being convened into small brown nerve-cells. As 
early as the close of the first half of the third period~ especially 
in the peripheral part of the optic ganglia~ in various parts of the 
cerebral ganglia 7 and subsequently also in all the other ganglia, 
we may distinctly observe the production both of the inner 
thin nerve-bundles serving as commissures to the different 
parts of the ganglia and of' those running outwards (e. g. the 
broad but short optic nerves which unite the peripheral part 
of the optic ganglia with the retina). The peripheral nerves 
of the skin are developed towards the close of embryonic life 
independently of the ganglia~ at the points which they after- 
wards occupy~ from the elongated cells of the dermo-muscular 
layer, which unite with each other. 

I have obtained all these briefly reported results chiefly by 
the comparative study of different sections belonging, g to different 
stages of development, a more or less accurate examination of 
the nervous system in living embryos being almost impossible 
on account of their opacity. As it is rather difficult without 
figures~ to describe the various changes in the form and posi- 
tion of all the parts of the nervous system~ I here conclude my 
description of that systcm~ keeping the details for a more 
complete memoir with plates~ which will soon appear. 

In  all the Cephalopoda investigated by me it is not alone 
the upper germ-lamella, as ~ctschnikoff thinks*-but also 
and, in~eed~ chiefly, the'define-muscular layer of the middle 
lamella that is implicated in the formation of the different 
dermal layers. The skin begins to be differentiated in the 
first da)T,s of the third period (in Loligo and Sepiola approxi- 
mately on the nineteenth, in Argonauta on the fourteenth or 

* Zoc. cir. p. 37. 
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fifteentt~ day of development). The upper germ-lamella forms 
only the epldermis~ composed of cylindrical~ everywhere 
similar cells~ covered in many places (especially on the mantle) 
in  the rotating embryo with cilia. The outer~ very thin layer 
of elongated cells of the dermo-muscular layer forms the so- 
called fibrous layer ; whilst the chromatoThores ~ and especially 
thefibres of muscular and connective tissue which lie in the 
corium (cutis)~ are formed from the inner layers, The ehro- 
matophores originate in the first half of the third period~ from 
large round~ at first nucleated cells of the dermo-muscular 
layer, The coloured protoplasm of these ceils shrivels at the 
time when a very thick membrane appears upon the cell; by 
this means the nucleus becomes invisible, Such newly 
formed chromatophores~ appearing first on the mantle and 
afterwards on the head and arms~ begin to contract when the 
cells radiately arranged round them stretch into a spindle- 
shap% and thus form the contractile muscular fibres long 
since described by Keferstein ~ and Bohl ]', 

I do not consider it necessary to describe here the formation 
of the cartilage in its details~ as all that I have observed with 
respect to it in SeTia , Loligo~ and Argonauta agrees perfectly 
with the results obtained by Metschnikoff :~ in the case of 
Sei~iola, There is no doubt that all the cartilages differentiated 
in the third period (the cartilages of the cups~ the eye-covers~ the 
heady the fins~ &c,) are developed from considerable thickenings 
(e, g, in the anterior cephalic lobe not far from the eyes) of the 
upper germ-lamell% at the spots where they are afterwards 
found in the adult animal. 

With regard to the development of the paired olfactory 
organ of the Cephalopoda~ which lies on the ventral side 
behind the eyes and appears towards the end of the third 
period (Sepla~ Loligo~ Sepiola)~ originally in the form of a 
tubercle and then of a pit-like depression of the upper lamella~ 
I can only confirm the observations of Kslliker §~ Metseh- 
nikoffll~ and Tschernoff¶, 

With this I conclude the exposition of the results of my 
investigations of the development of the four above-mentioned 
species of Cephalopoda~ which lasted uninterruptedly almost 
two years, At present engaged in extending and completing 
these studies~ I hope soon to be able to publish a more 
detailed memoir. 

[To be continued.] 

* Bronn's Klassen und Ordn. Bd. iii. Abth. ii. p. 1324. 
t Beitr. zur vergl. Histol. p. 70, pl. iii. figs. 40 & 41. 

.Loc. cir. pp. 39 e~ se~. § Zoe. cit. pp. 107 et seq. 
~Zoc, cir, p, 53. ¶ Bull, Soc, Imp. Nat~ Mose, 1869~ p, 87~ p], i .  
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